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COMPUTATION OF SUB-SATELLITE POINTS
FROM ORBITAL ELEMENTS
By Richard H. Christ
John F. Kennedy Space Center

SUMMARY

This technical note presents the computer program used by the Computation Branch at
the John F. Kennedy Space Center (KSC), NASA for computing predicted sub-sateliite
points of radiating satellites for launch interference purposes.

INTRODUCTION

Frequently, it is necessary to predict launch interference from radiating satellites.
The predicted launch interference information is desired in the form of sub-satellite points
and look angles. This technical note describes the method used by the Computation Branch
of KSC for computing the sub-satellite points from Prediction Space Elements provided by
the Goddard Space Flight Center (GSFC), NASA.

The orbital elements at the time of interest, t, are interpolated from the given ephe-
meris; the orbital elements at t are transformed to a position vector at t; and the sub-satel-
lite points at t are computed. The output of the computer program may be then used for
standard look angle computations.

Thanks are due to Mr. T. P. Gorman, Chief of the Advanced Orbital Programming
Branch, GSFC for providing information on the prediction elements; and to Mr. W. N.
Weston of GSFC who provided check data.

SYMBOLS

semimajor axis of orbit

eccentricity

inclination

right ascension of ascending node

argument of perigee

mean anomaly

eccentric anomaly

petiod (@anomalistic)

period derivative

radius vector

A geocentric, inertial, right-handed, orthogonal position components; z is co-
incident with the polar axis and x is directed toward the vernal equinox

i,k unit vectors lying along the x,y,z coordinate axes, respectively

é eccentricity of reference spheroid
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geocentric latitude

$

% geodetic {atitude

A longitude

h height above spheroid

& rotational rate of earth

EL general term referring to orbital elements
t time of interest

t, &t times of epochs 1, 2, and 3 respectively
R.A. right ascension

S.T. sidereal time

tR reference time

U.T. universal time

C.U.L. canonical unit of length = 6378.165 km
J.D.S. Julian Date for Space

J.D.S. £ J.D.-2,436,099.5 days
All times are expressed in terms of J.D.S.
unless specified otherwise

COMPUTER PROGRAM EQUATIONS
The following are programmed digital computer equations:
Subprograms ELIN and EVERET
Interpolation for a(t), e(t), i(t),Q (t), and w(t) -
EL () =a(t), EL,, =a ,EL _ =a,,6 EL 6 =a,
EL, () =e(t), EL,, =e ,EL,, =e,,EL,, =e¢,
EL,®=i), EL,, =i, EL, =i, +EL,;, =i,
EL, (t) =0(), EL,, =9,,EL,, =% , ELy =%

ELS (t) =w(t), ELs;, =w, ,ElLgy =uwy , ELgs =W,




A =EL. - 2EL. +EL.
0 is i iL

R(R?-1) ,=
— a2 A
EL, ® =REL,, + 3 » +SEL;,
S(S* -1) =
+ ——— %
31!

wherei=1,2,+ - - 6.

Subprogram AMIN
Computation of M(t) -

C, =518,400

C: =373.248
For the interval between t. and t.
I I 4+ 1

_ Cl Pi 5
M (t)—l\/li-f--i t -t - Cg?ig— (t -t
Subprogram EKEP
Solution of Kepler's equation -
e (t) sin M (t)

L= — i e ,
J e2®+1-2et) cos M (1)

E (), =M(t)+2—%24 cot M (t)

M) +e(t)sinE (t)i -E (t)i

E®  =E@® + ——
i+1 i 1-e(cosE ()



Continue iterating until |E (t)i 44 E (t)i <0.2x107" rad.

Subprogram PVOE
Components of position vector -
x (t) =a(t) {[cos E (t) - e ()] [cos w(t) cosQ (t)
- sinw(t) sinq (t) cos i (t) ]
+[1-e (t)]% sin E (t) [ - sinw (t) cos Q (t)

- cosw (t) sin Q(t) cos i (t) ]}

y () =al(t) {[cos E ) -e®] [coswlt) sinq ()
+ sinw(t) cos Q(t) cos i (t) ]
+[1-e (t)]% sinE () [ - sinw (t) sin Q(t)

+ cos w(t) cos Q(t) cos i (t) ]}

z(t)=alt) {[cos E () -e ()] [sinw(t) sini(t)]
+[1-¢ ) sinE ®© [cosw®) sin JORN!

Subprogram GEODT

Sub-satellite points -
7 Y (t)

x (t)

R.A. () =tan

Ag=S.T.at0" u. T.

MO =R.A.®- A -&AtR

r(t) =~A(;(t) + y2(t) +23(1)



z ()

S B @)+ YR ()

'(t) = tan™*

_ 1 a
%W =To2av® [512¢ +1288" +60% +358 ]
+——1——F§ +§]-—————[4§+3e8]
32r2(t) L 256¢2 (t)

_.1 a
)= —— |648* +4848° + 3548
a, ® 1024r(t)[ € & ]

1 /\4 /\6 /\8
+—16r2(t) [4e +2e +e ]
8 3

158 &

-

256¢° (t) 1614 (L)

() = 8'(D) +a, (1) sin28(t) +a, ® sind s

. 1 A
hay=p@p SNEO___ 1-€° ,
sin®(t) [l -8&sin® 3 (t)]z

MATHEMATICAL FORMULATION

Interpolation for a (t), e (t), i (t), Q(t), and w (t)

Consider the following difference table -

T X AX A2 X A® X a* X
2 4
T_, Xy 8, \ b,
A_% A_%
2 2
T, Xo Ko . Yo
Ard - A+i .
Tl Xl A1 Al
Ay NI
+1§ 2 +1§ A4
TE Xa 2 2




where A

Everett's Second Central Difference formula is given as

2 2 2 2 2 2 2 4
2 2 2 2 2 2
+SX, + S -T) o 4, SE -1) (6 -2) & 0
3! 5!
T:-T
where Sé—l—wi, R=1-85,

and W is the time interval between entries in the table.

For our application, only three X's are available; therefore, the terms containing the
fourth differences may be eliminated. Letting Az, — 42 ,and using the notation intro-
duced in the previous section (Computer Program Equations), we have

R(R® - 1) 2 S(§* - 1) ,
- MR 27 A (2
EL () =REL; + 30 0+SEL1+—3!—— £, (2
A ;
where Bo=byy -y
=X, - 2Xo+ X_,

Azo =EL, -2EL +EL,

This scheme was compared with a second degree least squares fit and agreement to
0.5 x 10~* degree was reached for Q(t).

Computation of M (t)

The mean anomaly at t, M (t), assuming a constant period, P, is determined from
Kepler's equation



2T
M(t)=Mi+—P— (t -t

Since P is available as input, equation (3) may be expanded by Taylor's series

1
fo=f@+f @) (x-a)+—7 f" @) (x - a)?

f)=M ()
2m
f(@)= Mi +_Pi—(t -t

C,
= Mj+p- -t

If (t - t;) is in days, and P; in minutes;

C, =57.2957795x1440 x 2 = 518,400

=2 - 2rPi )

P; P2 .

21 2 7Pj
I - = —— -t) - —— - .
f' (@) (x - a) P (t - t;) P2 (t - tj?

C 2C, .
= ——(t - ty)- 2 Po(t-t;)
Pt B Pttty

If (t - t;) is in days, P in minutes, Pi in microdays per day;

C =mx57.2957795 x (14407 x10~°*°

2

= 373.248

(3)

(4)

(5)

(6)



Substitution of equations (5) and (6) into equation (4) yields the desired expression

C Pj 2
M) =M. + t-t)-Co—5 (-
i L ( J)-Coom ty) (7)
P; Pi

Equation ( 7) is the expression given in reference 1.

Solution of Kepler's Equation
The number of methods devised for the solution of Kepler's equation exceeds one
hundred. The method presented below is an iterative scheme well suited for a high-
speed digital computer.
M(@)=E () -et)sinE (1) (8)

It is desired to solve equation ( 8) for E (t).

The Newton-Raphson formula is given as

X. = X
i+1 | f' (Xl) (9)

Application of equation (9) to equation (8) gives

M) +e®sinE @{); -E {);
E(t)i+1 = E(t)i+ (10)
l1-e(t)cosE ()

Encke's first approximation is very good, seen as

1
E®), =M®) Z- 224 cot M (t)

e (t) sin M (t)
Z = .
Je2 )+ 1-2e(t) cos M (t)

where

Continue iterating equation (10) until



E®W,,, ~E®, <0.2x 1077 rad.

Position Vector at t

The following equations ( 11 - 15) ate taken from reference 1.

Q @) =cosq(t) i +sinq(t)_j (11)
a (M =cosi(t) k +[sinit][a ) x k] (12)
b W =cosw®) Q)+ [sinw®)]f () xQ(B)] (13)
gt =a ®x p (14)

r=al(t {[cos E@®-e@®] p(t)

+/1-e2® sinE ®© g 0} (15)

Performing the indicated operations in equations (11-14) and substituting in equation
(15) gives the desired expression for r (t) as

r =i a (t){[cos E(t) - e(t)] [cosw (t) cosQ(t)

-sinw (t) sinQ(t) cos i (t) ]

+[1-e2M® sinE M - sinw () cos 0 (t)

- cosw (t) sinQ(t) cos i (t)]}

+ j a(t) [[cos E (t) - e (t)][cosw (t) sinq ()

L

+ sinw (t) cos Q (t) cos i (t) ]

+ (1 - ea(t)]% sin E (t) [ - sinw(t) sin Q(t)

+ k af(t)

.
|

|

+ cos w(t) cosq () cos i ()] }
[cos E (t) - e (t) J[sinw(t) sini (t)]

H1-e OF sinE ® [cosw® sini 1]} (16)



Sub-satellite Points

The method used to compute geocentric latitude, ', and longitude, X, is similar to
that described in reference 2, as

z (t)

'(t) =tan _———
¢ x2(t) + y2(t) (17

R.A. () =tan ){ég (18)
A, =S.T.at0" U, T. (19)
then M) =R.OAL (B -1 B At
where AtR =t - tRp (20)

For the determination of geodetic latitude, &, the first two terms of the non-iterative
scheme presented in reference 3 are used as

B(t) = @(t) +a, (t) sin 28U) + a,(t) sin 484t (21)

1

Az Aa As A8 |
- - i
1024r(t)[512e +128e* +60e” +35¢8€ |

where a,(t) =

1 3 s
e |- ——— 4 e°+3¢° |,
32r2 (t) - 256r3 (t)

A4 A6 AB
Tosarm 648 +488% +35¢8°

a,t)=

[S) 8

1
‘48" +28° +8

—_i_4 e +
16¢=2 (t)

L1

+

: As Ag
n 15¢e€ _ i )
256r2 (t) 16r (t)

10



and r(t) Zxa(t)-l-ye(t)%-zg(t) ,inC. U. L.

Finally for height above spheroid, h l .
sin & (t) 1-8
ht)=r() - P T (22)
sin & (t) [1-&%sin® a(t)]2

COMPUTER PROGRAM OPERATING INSTRUCTIONS
Program Description
Program ldentification - SPOE 1
Computer - GE 235

Program Library - 111141
Type of Coding - FORTRAN Il

Program Input (From Cards)

Card No. Columns Information Mode Remarks
1 34 - 45 Date 4A3 Information on cards;
1 and 2 for identifi-
2 27 - 50 Satellite ID 8A3 cation only
3 1-3 tR (yr.) 13 Reference Time
4 - 6 tR (mo.) 13
7- 9 tp (dy.) 13
10-12 tr (hr.) 13
13-15 tr (min.) 13
16 - 22 tp (sec.) F7.3 h
23 - 25 S. T. (hr.) 13 S. T.at0"U. T.
26 - 28 S. T. (min.) 13 (Reference U. T.)
29 - 35 S. T. (sec.) F7.3
36 -46 tR F11.5 Reference time in
J.D.S.
47 - 61 At E15.9 Time increment

desired in days

11



12

Card No.

a

Program Input (From Cards) (Cont'd)

Columns

1-15

16 - 30

1-11
12 - 22
23 - 33

34 - 44
45 - 55
56 - 66

1-11
12 - 22
23 - 33

1-11
12 - 22
23 -33

34 - 44
45 - 55
56 - 66

1-11
12 - 22
23 -33

34 - 44
45 - 55
56 - 66

1-11
12 - 22
23 -33

Information

A
w

Mode

E15.

E15.

F11.
F11.
F11.

F11.
F11.
F11.

F1l1.
F11.
F11.

F11.
F11.
F11.

F11.
FI11.
F11.

F11.
F11.
F11.

F11.
F11.
F11.

F11.
F11,
F11.

9

O

o~ OO o O O (o) e el 0o 00 €O 00 00 U1 (S N6 N6 U1 U1 Ut

Remarks

Rotational rate of earth
in radians per second

2
(Eccentricity) of
spheroid

Epoch times in J. D. S.

Period in minutes

Period derivative in
microdays per day

Semimajor axis of orbit
in earth radii

Eccentricity of orhit

Inclination in degrees

Right ascension of
ascending node in
degrees

Argument of perigee
in degrees



Program Input (From Cards) (Cont'd)

Card No. Columns
34 - 44
45 - 55
56 - 66

10 1-3

Option 1: Print only.

Information

Program Output

Mode
F11l.6
Fl11.6
F11.6

F3.0

Option 2: Write tape only; output tape on plug 2, unit 1.

Option 3: Print and write tape; output tape on plug 2, unit 1.

Remarks

Mean anomaly in
degrees

Output control card
-1. print only

0. write tape only
+1. print and write
tape

Card 10 specifies output option. Output record is t, & (t), A (t), and h (). Input data

are printed on all options.

Sample Test Case

Input. - The following listing is a computer printout of a sample input giving the

_Prediction Spap_eijgmgnt«s supplied by GSFC for program input:

SATELLITE

DEC 28 1964

RELAY 2

64 12 01 00 00 004,000 04 39 30.641 263100000

«600000000E-02

«729211590E~04 «669342162E-02

 2631.00000 2639400000 2647.00000 0194471578 0194.71538 0194471497

~0000,03520-0000,03537-0000403559
1474488160 1.74487910 1474487650
0464326254 0464327234 0464328169

172.065590 1804909426 1894755772

+1e

0423957545 0423950386 0423943548

2360668682 2274838464 219.008515

3184158721 016916503 0754718748

13



Output. - The following listing is a sample computer printout of sub-satellite points.

JOHN F. KENNEDy SPACE CENTER
CaMPUTATION BRANCH
SUB-SATELLITE POINTS
DEC 28 1964
SATELLITE RELAY 2

REFERENCE TIME

CAL DAT UT2W

S.T. AT 0 HR U.T.

YR MO DY HR MM 8S.SSS HR MM SS.SsSS
64 12 1 0 o 0, 4 39 30,641

JeD.S. UTZ2HW

2631.,00000

PREDICTION SPACE ELEMENTS FROM GODDARD

EPOCH ) _ T-ONE T-THO T-THREE
JeD.S. UT2W 2631,00000 2639,00000 2647.00000
PERIOD MIN 194.71578 194,71538 104.71497
PERIOD DER MD/D ~0,03520 -0.03537 -0.03559
ECCENTRICITY 0.23957545 0,23950386 0.23943548
INCLINATION  DEG 46.326254 46.327234 _ 46328169
RA_ASC NODE  DEG 236.668682 227.838464 219,008515
ARG PERIGEE  DEG 172.065590 180.90942¢ 189.755772
MEAN ANOMALY DEG 31g8,.158721 16.916503 75.718748
SEMIMAJ AXIS  ER 1,74488160 _ 1,74487910 - .1.74487650

14



TIME[\J.D-S']

2631.0000U
2631.00600
2691.0119Y
2631,0179y
2631.02399
2631.02998
2631.03598
2631,04198
2631.04797
2631.0539/
2631.0599/
2631.06596
2631.07196
2631.07796
2631.08395
2631.08995
2631.09595
2631.10194
2631.10794
2631.11394
2631.11993
2631.12593
2631.13193
2631.13792
2631.14392

2631.14992

LAT[DEG] LON[DEG]
43,78 -78.84
83,71 -54.73
17.52 -35.00
-1,62 -18.18
~20.,03 -1.63
-54,64 16.99
-43.,59 38.58
-46,44 61.06
-44,44 B0.56
-39.56 95.45
-33.,30 106.40
-26,45 114,45
-19,36 121.20
-12.18 126.71
-4,92 131.70

2.43 136.54

9.91 141.62
17.52 147.36
25,24 154,36
352.90 163.53
39.97 176.25
45,18 -165.69
46.08 -141.85
40,08 -116.26
26,91 ~-94,15

8,92 -76.07

HEIGHT [KM)
 3148.1

2532.7

2155.0

2110.4

2412.3

2981.5
3699.8

4462.9

5198.0
5859.1

6418.9

6861.8
7178.5

7364.3

7416.7
7335.2

7120.8

6776.5
6307.9

5725.4

5047.0
4303.0

3544.0

2848.7
2325.9

2090.4

15



TIME[(J.D.S. ]

2631.15591

2631.16191

2631.16791
2631.17390

2631.1799U

2631.18590
2631.19189

2631.1978Y

2631.20389
2631.20988

2631.21538¢

2631.22188

26381.22787

2631.2338/

2631.23987

2631.24580

2631.25180

2631.257806

2631.26385

2631.2698>

2631.2758>

2631.28185

2631.28784

16

2631 .29384

2631 .29984

2651.30583

LAT[DEG)
-10,33
-27.33
-39.51
-45,62

-46,00

42,43
-36,77

-50,16

-23.17

-16,03

-8,80

-1.51

LUN[DEGR]

154,51

-59.69

21.485
3%9.07
51,99
61.56
68.93
74.9%
80.15

© 85.n2
89.92
95.74
101.48
109.33
119.92
134.87
155,73
-178.90
~134.45

-117.49

HEIGHT [KM)
2206.7
2642.9
3294.0
4043.6
4801.2
5507 .3
6125.2
6633.8
7020.2
7278.7
7404.5
739645
7254.8
6981 .3
6580.0
6058.4
5429.8
4717 .0
3958.5
3216.6
2584.3
2178.3
2098.9
2369 .2
2917.3

3626.1



TIME[J.D.S.]

2631.311489
2631.31783
2631,32382
2681 .3298¢
2681.33582
2651.34181
2631.34781
2631.35381
2631.35980
2631.36580
2631.37180
2631.37779
2631.3837Y
2631.,38979
2631.39578
2631.,40178
2631.40774
2631.41377
2631.41977
2631.42577
2631.43170
2631.453776
2631.44376
2631.44975
2631.45575

2631.46175

LATIDEG) LON(DEG] HEIGHT [KM)
-46,41 -38.56 4388.6
-44,72 -18.66 5128.7
-39.98 ~3.39 5798.4
-33.78 7.84 6369.0
-26.94 16.27 6823.8
-19.56 22.92 7153.2
-12,67 28.50 7351.9

-5.,41 33.51 7417.4

1.93 36.34 7349 .1

9.38 43.39 7147.6
16.98 49.06 6815.8
24,68 55.93 6359.0

32.34 64.87 5787.1
39,47 77 .22 5116.9
44.88 94.76 4377.5

46,24 118.15 3616.9
40,89 143.77 2911.1
28,27 166.24 2366.0

10,58 -175.43 2098.3
-8.71 -159.01 2180.0
-26.04 -141.89 2588.8
-38.72 -122.07 3224.2
-45,35 ~99.43 3968.7
-46,14 -77.80 4728.6
-42,80 -59.97 5441.5 o
-37.23 -46.70 6069.3

17



COMPUTER PROGRAM FLOW CHART

Main Program SPOEI

READ AND PRINT
to Ot &, 6%,

(f_', P, pJ, a,,e,i
CNTRL

Q,0,M

P L L L L

=13

’=f' _.Q_.

C)r—=

1. COMPUTE

M(t) USING
AMIN

2. CONVERT

M(1) TO
RADIANS

CONVERT
i(t), Q(t) ond w(t)
TO RADIANS

Mit)>0

COMPUTE
a(t), eft),
i), Q1), &

USING
ELIN & EVERET

COMPUTE
&= E(t) USING

EKEP

COMPUTE

COMPUTE
@__. &(1), Alt) and h(t)
USING GEODT

B x(t), y(t), z(t)
USING PYOE

At =t-t,

1. CONVERT g¢{t)
and A(t) to deg.

2. CONVERT h(t) to km




PRINT

t, (1), Alt), h(t)

WRITE BINARY
TAPE

t, (1), A), h(t)

WRITE BINARY

t, (1), Alt), h(t)

Subprogram ELIN

a(t) = EL (1)
| CALL EVERET e{t) = EL (1)
TO COMPUTE 4 i(1) = EL_(1) o{ RETURN TO )
EL.(t),i=1,5 Q) = EL (1) \MAIN PROGR
: wlt) = EL(1)

Subprogram EVERET

. 1. COMPUTE A 2

=t

RETURN TO
(-t )W — i3 COMPUTE ‘D
-1-s" EL,(), ELIN

i=12....6




Subprogram AMIN

(t-t,)>0

C, = 518,400.
C,~373.248

M) =M,

(t-t)=0

= M(t) =M

3

At=t—t M =M,

P-P,P=P

I

COMPUTE
M(t)

Af=f—f.2,M.l=M2,
P =P, P =P,

]

RETURN TO
MAIN PROGRAM

20




1. COMPUTE Z

Subprogram EKEP

2. COMPUTE E,

COMPUTE SIN

~(2)

COMPUTE
) E o 5= IE|+| - Ell
e

5<.2x 1077

TEST

5=.2x107 RETURN TO
1 EM-=E, AIN PROGRAM

§>.2x 1077

Subprogram PVOE

& COS OF E(1)
wlt), (1), i(t)

ol COMPUTE RETURN TO
i '(MAlN PROGR;;)

Subprogram GEODT

RA.(t)>0

COMPUTE R.A.(t}

R.A.(1) <0 ADD 27 TO
R.A.(1) ™ RAW . [:‘ ]

R.A.(t)=0

21



1. COMPUTE &4t _,
. MOD 27
2. COMPUTE A(t)

[A) + 7]=0

TEST [AMt) + n} <O

M) <0

A =0

AMty>0

[A(t) + 7]

M) +7]l>0

At} -a]=0

TEST At)-n1>0

$=1 ADD 27 TO A} ‘

[A(t) 7
M) -7l <0

SUBTRACT
™1 27 FROM A1) Q

COMPUTE r(t),
a,(t) &a, (1)

Q COMPUTE
#'(t)

COMPUTE
(1) &h(1)

RETURN TO
AIN PROGRAM

22
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'nnn;nlnnnn

COMPUTER PROGRAM LISTING

FORTRAN

SPOE1- COMPUTATION OF SUB-SATELLITE POINTS FROM ORBITAL ELEMENTS

PROGRAMMED BY RICHARD He CHRIST

UTILIZES - FUNCTION AMIN

DIMEN

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
PRINT
PRINT
PRINT
PRINT
PRINT

PRINT

- PRINT

PRINT

FUNCTION EKEP
SUBROUTINE ELIN

FUNCTION EVERET

SUBROUTINE PVOE
~ SUBROUTINE GEODT
SION EL(653)sAL(553)9A104)sA2(8)
INPUT DATA
1239A1
1245 A2

lOOoIYR’IMOaIDY{{HR;IMM;SSsISHR:ISMM;SSS;RT,DELTAT

101sVESES
1025T1sT2sT3,P1sP2,P3
1025D15D25D3

1035 ((EL(I5J)sJ=153)51=152)
1045 ((EL(15J)»J=153)s1=3,6)
1295 CNTRL

INPUT DATA

105

121

122

127

123,A1

1245A2

125

23



PRINT
PRINT
PRINT
PRINT
PRINT
_PRINT

PRINT

_ PRINT
_ PRINT

PRINT

_PRINT

PRINT

24

C

PRINT
___PRINT

___PRINT

_ FORMAT

100 FORMAT
101 FORMAT
102 FORMAT
103 FORMAT
104 FORMAT
105 FORMAT
106 FORMAT
_1eTe)

107 FORMAT
108 FORMAT
109 FORMAT

110 FORMAT

106

107

1085 IYRsIMOsIDY s IHR»IMM3»SS 5 ISHRsISMMsSSS

120,RT

109

110

1115T1sT2,73

1125P15P2,P3

1135D15D2,D3

1143 (EL(2sJ)sJ=193)

1155 (EL(35J)sJ=193)

1165 (EL{49J)»J=1s3)

1175 (EL(55J)9J=153)

1185 (EL(65J)»J=1s3)

1195 (EL(1sJ)sJ=1s3)
STATEMENTS TO READ AND PRINT INPUT
(31352(2135F743)sF11459E15.9)
(2E1549) _
(6F1145)
(6F1148)
(6F1le6)
(1H1)

(58HREFERENCE TIME SeTe AT 0 HR U

(16X938H YR MO DY HR MM S$S5.5SS HR MM S5S5.5SS)
(16H CAL DAT UT2W +5I3sF74393X3s2I35F743)
(///38HPREDICTION SPACE ELEMENTS FROM GODDARD)

(/72HEPOCH ) T-ONE T-TWO



C

1 T-THREE)

111 FORMAT (/17HJeDeS. ] UT2Ws4X93(F11e5510X))

112 FORMAT (/17HPERIOD

MINs4X93(F1l1le5510X))

113 FORMAT (/17HPERIOD DER MD/Ds4Xs3(F11e5+10X))

114 FORMAT (/17HECCENTRICITY 9 7Xs3(F11e8+10X))

115 FORMAT (/17HINCLINATION DEGs5X93(F1lle6910X))

116 FORMAT (/17HRA ASC NODE DEGe5Xs3(F1lle6s10X))

117 FORMAT (/17HARG PERIGEE DEGs5X9s3(F1lle6510X))

118 FORMAT (/17HMEAN ANOMALY DEG»5Xs3(F11le6910X))

119 FORMAT (/17HSEMIMAJ AXIS ER»7X93(F11e8510X))

120 FORMAT (/16H JeDeSe UT2W »sF1l.5)

121 FORMAT (24Xs28HJOHN Fe KENNEDY SPACE CENTER)

122 FORMAT (29Xs18HCOMPUTATION BRANCH)

123 FORMAT (33X»4(A3))

124 FORMAT (26X»8(A3))

125 FORMAT (////)

127 FORMAT (28Xs20HSUB~SATELLITE POINTS)

129 FORMAT (F340)

FORMAT STATEMENTS FOR OUTPUT
126 FORMAT (56HTIME(JeDaSs) LAT (DEG)
1))

128 FORMAT (/(F12¢55,2(7XF742)56X5F1041))
COMPUTE NO. OF TIMES
POINTS=(T3=T1)/DELTAT
IF(CNTRL) 50055105510

510 WRITE TAPE 7s POINTS, T3, T1l, DELTAT

500 CONTINUE

CONVERT INPUT DATA AND INITIALIZE

LON(DEG)

HEIGHT (KM

25



RAD=5742957795

CUL=6378+165

SHR=ISHR

SMM=1SMM

ST=(SHR+{((SMM+55S/60¢)/604))*15+/RAD

PRINT 105

PRINT 126

DO 200 I=1,5

DO 200 J=1,3

200

AL{TsJ)=EL(T,sJ)

T=T1

LL=POINTS

L=0

DO 900 N=1lslLL

COMPUTE ORBITAL ELEMENTS AT T

CALL ELIN(TsT1lsT2sT35sALsSATsSETsSITsCOT»SOT)

AMT=AMINF(TsT1sT2sT3sEL(691)sEL(652)9EL(693)9P1sP2sP3+D1sD25D3)

TEST MEAN ANOMALY TO SEE IF ZERO

IF(AMT) 5595045

AMT=AMT /RAD

COMPUTE ECCENTRIC ANOMALY AT T

ET=EKEPF (AMTSET)

SIT=SIT/RAD

CoT=COT/RAD

S0T=S0T/RAD

COMPUTE INERTIAL COORDINATES AT T _

CALL PVOE(SIT»SATsSET»SOTsCOT9ETsXsYs2)

DELTR=(T-RT)#86400.

26



COMPUTE LAT«s LON. AND H

CALL GEODT(XsYsZsSTsDELTRIVESESIELONSRHOSGLATLsGLAT2sHsRASGST)

ELON=ELON%*RAD

GLAT1=GLAT1%RAD

GLATZ2=GLAT2%RAD

RA=RA*RAD

GST=GST*RAD

H=H*CUL

PRINT AND/OR WRITE OQUTPUT

IF (CNTRL) 42054055410

405 WRITE TAPE 7sTsGLATZ2»ELONSH

T=T+DELTAT

GO TO 900

410 WRITE TAPE 7sTsGLAT2sELONH

420 PRINF 128,TsGLAT2,ELONsH

T=T+DELTAT

L=L+2

IF (L~50) 90049005300

300 PRINT 105

PRINT 126
L=0

900 CONTINUE

950 STOP

END

FORTRAN

ELIN-SUBROUTINE TO INTERPOLATE FOR ECCENes INCLesLON.




OF ASC. NODE, ARGe OF PERIGEEs SEMI MAJOR AXIS

UTILIZES EVERET FUNCTION SUBPROGRAM

SUBROUTINE ELIN(TsT1sT25T35ALsSATsSET#SITsCOT+SOT)

DIMENSION AL(593)sELT(5)

DO 5 I=1+5
ELT(I)=EVERET{TsT1lsT25sT3sAL(I1s1)sAL(192)sAL(I93))

SAT=ELT (1)

SET=ELT2)

SIT=ELT(3)

COT=ELT(4)

SOT=ELT(5)

RETURN

END

[a KA}

FORTRAN : : : . S
EVERET~FUNCTION SUBPROGRAM TO INTERPOLATE FOR 1 VALUE

_GIVEN 3 USING EVERETTS 2ND CENTRAL DIFFERENCE

~ FORMULA

FUNCTION EVERET(TsT1sT2sT3sX1sX25X3)

W=T2-T1 . S .

S=(T~T2)/W L 3 . ] L o

R=1e-S

 D=X3-24%X2+X1

XI=R*¥X2+R* (R¥R—14 ) ¥D/6e+S*X3+S* (S*¥S=1,)*D /6.

EVERET=XT

RETURN

END




10

20

30

40

50

60

30

81

-FORTRAN

AMIN - FUNCTION SUBPROGRAM FOR

MEAN ANOMALY INTERPOLATION

FUNCTION AMIN(T»>T1sT25T3,AM1,AM2,AM35P1sP25P3sPDOT1,PDOT2,5PDOT3)

C1=518400.
C2=3734248

IF (T-T2) 10520530
GO TO 80

AMT=AM2

GO TO 90

IF (T-T3) 40550560
GO TO 81

AMT =AM3

GO TO 90

AMT=0,

GO TO 90

DELT=T-T1

AMI=AM1

PI=P1

PDOTI=PDOT1

‘G0 TO 82

DELT=T-T2

AMI=AM2
PI=P2

PDOTI=PDOT2

29



82 AMT=AMI+C1l/PI*¥DELT~C2%#PDOTI/(PI*P1)*DELT*DELT
MODPI=AMT/360.
FLMOD=MODP1I
AMT=AMT~FLMOD*360.

90 AMIN=AMT

c AMIN IS ZERO WHEN T IS GREATER THAN T3
RETURN
END

* FORTRAN

c EKEP-FUNCTION SUBPROGRAM TO SOLVE KEPLERS EQs FOR AN ELLIPSE

FUNCTION EKEP (AM,ECC)

DIMENSION E(10)

TOL=400000002

Z=ECC*SINF(AM}/SQRTF(ECC*ECC+1e=2.*ECCX*¥COSF(AM))

COTAM=COSF (AM)/SINF (AM)

E(1)=AM+Z~Z*%4%COTAM/ 6.
1=1
10 E(I+1)=E(I)+(AM+ECC*SINF(E(I))~E(1))/(1«-ECC*COSF(E(I)))

DELTAE=ABSF(E(I+1)~E(I))

IF{DELTAE~TOL) 30530s2C

20 I=1+1

GO TO 10

30 EKEP= E(I+1)

RETURN

30



FORTRAN

PVOE-SUBROUTINE TO COMPUTE POSITION VECTOR FROM ORBITAL ELEMENTS

SUBROUTINE PVOE (SITsSATsSETsSOTsCOTsETeXsYsZ)

SISIT=SINF(SIT)

COSIT=COSF(SIT)
SISOT=SINF(SOT)
COSOT=COSF(SOT)
SICOT=SINF(COT)
COoCOT=COSF(COT?
SIET=SINF(ET)
COET=COSF(ET)

A=COET-SET
B=SQRTF(1.-SET*SET)}*SIET

X=SAT* (A% (COSOT*#COCOT-SISOT*SICOT*COSIT)+B*(~-SISOT*COCOT-COSOT*SIC

10T*COSITY))

Y=SAT*(A*(COSOT*SICOT+SISOT*COCOT*COSIT)+B*(COSOT*COCOT*COSITTS{SO

1T*SI1COTY))
Z=SAT*(A*¥SISOT*SISIT+B*¥COSOT*SISIT)
RETURN

END

FORTRAN

GEODT~ SUBROUTINE TO COMPUTE LAT.s LONe AND HEIGHT

FROM INERTIAL XsYsZ

31



32

(8}

15

70

80

90
30

40

SUBROUTINE GEODT (XsY»ZsSTsDTsVEsE2+sELONSRHO$GLATL,GLAT2sHsRA,GST)

PI=3414159265

TWOPI=6.28318531

COMPUTE ReAe OF SATELLITE, 0-360

RA=ARTNF(YsX)

IF(RA}5510510

RA=TWOPI+RA

GO TO 15

RA=RA

CONTINUE

COMPUTE CORRECTION FOR ROTATION OF EARTHs 0-360
RT=VE*DT

IRT=RT/TWOPI

FRT=IRT

RT=RT-FRT*TWOPI

COMPUTE LONGITUDEs +0OR-180
ELON=RA-ST~-RT

IF(ELON) 704404590 B
IF(ELON+PI)80+40+40

ELON=ELON+TWOPI

GO TO 40

IF(ELON-PI)404+40,30

ELON=ELON-TWOPI

CONTINUE

COMPUTE GEOCENTRIC LATes +OR=90
GLAT1=ATANF(Z/7SQRTF (X*¥X+Y#*Y))

COMPUTE GEODETIC LAT.

E4=E2*E2



E6=E2%E4

C8=E2*E6

RHO=SQRTF (X*X+Y¥Y+Z%*Z)

RHO2=RHO*RHO

RHO3=RHO*RHO2

RHO4=RHO*RHO3

A2=(512%#E2+128 #E4+60e*¥EH6+354%EB)/ (1024 «%RHO)

1+ (EGF+EB) /(324 %¥RHO2)~3 % (4o ¥EO6+3 ¢ #EB )/ (2564%RHO3) L
A4== (64 ¢ #E4+4Be ¥E6+35%EB) /(1024 #¥RHO) +( 4o ¥E4+2,¥E6+EB)/ (164 ¥RHO2)
1+(15e%#E8) /(256 %¥RHO3)~EB8/ (164 *¥RHO4)

GLATZ2=GLAT1+A2¥SINF (2.%¥GLAT1)+A4#*¥SINF (44*GLAT])

COMPUTE HEIGHT IN CeU.Lo

S2GLAT=SINF(GLAT2)#SINF(GLAT2)
H=RHO*SINF(GLATL)/SINF(GLAT2)~(1.-E2)/SQRTF{1.-E2%¥S2GLAT)

RETURN

END
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